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Figure 1. Sensor Placement Relative To Bit 
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Figure 5 Statistical Failure Detection 
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Figure <* SPRA Method Using Analog Filters Spectral Power Separation 



Discrete FFT of Vibration Data with No Bearing Damage 
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Spectral Power Analysis Bearing with No Damage 
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Figure 9. 



Normalized Bit Vibration with Slight Bearing 
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Spectral Power Analysis for Slightly Damaged Bearing 



1.2 



Spectral Power (3 Bands) 



1.5 



Power Ratio R1 



1 f 
0.8 
0.6 



J| ' Low 



0.4 

0.2 
0 

1.2 r 

1 f! 
0.8 



t i 



High a - 



i L_ 



0.5 

i 



< i J V" •' 1 



50 100 
Power Ratio R2 



150 



o.s it mkJ 



0.4 
0.2 



■F.. f Ml 



2 r 

I 

1.5! 



0 50 100 150 

Power Ratio R3 





L 

1 






c. 









50 100 
Time (sec) 



150 



0.5 



50 100 
Time (sec) 



150 



Figure 12. 

Normalized Bit Vibration with Moderate Bearing Damage 
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Figure 13. 



Discrete FFT of Vibration Data for Moderate Bearing Damage 
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Figure 17. Failure Indication (MSRA Method) 
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Figure 18. Schematic of MSRA Failure Detection Scheme 
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Discrete FFT of Strain Gauge Signal for No Bearing Damage 



Discrete FFT of Strain Gauge Signal for No Bearing Damage 
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Mean Strain Analysis for Bearing with No Damage 
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Strain Gauge Signal when Bearing Lightly Damaged 
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Discrete FFT of Strain Gauge Signal for Light Bearing Damage 
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Mean Strain Analysis for Bearing with Light Damage 




Strain Gauge Signal when Bearing Moderately Damaged 
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Discrete FFT of Strain Gauge Signal for Moderate Bearing Damage 
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Mean Strain Analysis for Bearing with Moderate Damage 
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Strain Gauge Signal with Bearing In Early Failure 
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Discrete FFT of Strain Gauge Signal for Bearing In Early Failure 
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Mean Strain Analysis for Bearing in Early Failure 
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Figure 30 . 



Mean Strain Analysis for Shifting Load Condition 
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Figure 31. 
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32. Schematic of ANNPA Bearing Failure Detection Scheme 
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Figure 33 Adaptive Neural Network Predictor (ANNPA Method) 
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Acceleration Prediction Error (No Bearing Damage) 
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Acceleration (Light Bearing Damage) 
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Acceleration Prediction Error (Light Bearing Damage) 
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Acceleration (Moderate Bearing Damage) 
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Acceleration Prediction Error (Moderate Bearing Damage) 
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Figure ^ Binary Data Transmission Using Static Pump Pressure Levels 
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Filtered Signal S/N Ratio = .89 
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Linear filter results. S/N = .7457 
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